Background: Surgical site infections are one of the most common healthcare-associated infections in low-and middle-income countries, which cause prolonged hospital stays and increase patient susceptibility to other nosocomial infections. Hence, this study aimed to determine the magnitude and associated factors of surgical site infections among women who underwent obstetric surgeries in Felegehiwot Specialized Hospital, Amhara, Bahir Dar, Ethiopia in 2018. Conclusion: It has been revealed that the magnitude of the surgical site infection rate following obstetric surgery was higher compared to the standard CDC guidelines of surgical site infection. Duration of labor stays more than 24 h, chorioamnionitis, pregnancy-induced hypertension, urinary tract infections, diabetes mellitus, and thickness of subcutaneous tissue more than 2 cm were associated with surgical site infections. In addition to complication readiness, birth preparedness, and setting their antenatal care follow-up at the hospital with special and targeted services can reduce the magnitude of surgical site infection.
Background
Infection is one of the most common causes of maternal mortality and morbidity in obstetrics [1] .
Surgical site infections (SSIs) are infections that occur at or near surgical incision within 30 days of operation or after 1 year if an implant is placed [2] .
According to the Center for Disease Control and Prevention (CDC) surgical site infections are classified as being either incision (superficial and deep) or organ space (any part of the anatomy) that must develop within 30 days of operation and based on operative wounds clean, clean-contaminated, contaminated, and dirty wounds [3, 4] .
Globally, SSIs are potential complications associated with any type of surgical procedure. Even though SSIs are among the most preventable HAIs, they still symbolize a significant burden in terms of patient morbidity and mortality. High rates of surgical site infection following obstetric surgeries were reported in several African countries [5, 6] .
Pregnant women are at risk of infection during labor and delivery. Among surgical cases in obstetrics; Surgical Site Infections (SSIs) are the fourth most common nosocomial infections [7] .
Surgical site infection causes a substantial risk to patients and financial loses for health systems because the multi-factorial causes achieving a measurable and sustained reduction in SSI risk is challenging [5] .
Surgical site infections are preventable complications which impose a significant burden in terms of patient morbidity, mortality and increased the cost of treatment. Patients who develop SSIs are up to 60% more likely to spend their time in an intensive care unit, readmitted to hospital and more likely to die compared with patients without surgical site infections [6] .
Surgical site infection exemplifies a substantial burden to the health system comprising an increased length of hospitalization and costs of post-discharge care [8] .
Despite enhancements in operating room practices, instrument sterilization methods, better surgical technique, and performing best efforts of infection prevention strategies, surgical site infections remain the main cause of hospital-acquired infections. Even though standard protocols of preoperative preparation and antibiotic prophylaxis were properly practiced, the rate of surgical site infection was increasing worldwide [9] .
World Health Organization supported the implementation of SSI prevention and quality improvement intervention in all surgical departments in five African countries. Despite these interventions, Ethiopia situations did not improve the outcome of surgical site infection for the last surveillance report [5] .
Even though the number of institutions and professionals were increased, the rate of surgical site infection following surgery in obstetrics is still high throughout the world, particularly in developing countries. Overall, there was no significant reduction in surgical site infections in Africa including Ethiopia [6] .
Therefore, proper assessment on the magnitude and risk factors that predispose to surgical site infection after obstetrics surgery is essential for developing targeted interventions to reduce its occurrence and complications as well as reducing costs and length of patient stay in the hospital.
Methods and materials

Study setting
This study was conducted at Bahir Dar Referral Hospital. Bahir Dar town is located in the Amhara region, 565 km from Addis Ababa. According to the Ethiopian central statistical agency report, the total population of the Bahir Dar town administration was 221,991 in 2007. Of this, 108,456 were male and 113,535 were female. There are 2 public hospitals and 10 health centers.
Felegehiwot Comprehensive, Specialized Hospital Department of Obstetrics and Gynecology has gynecology ward, maternity, high risk, postnatal, labor, and gynecology outpatient departments, and maternal and child health unit with a total of 82 beds. There are different laboratory units which are giving different services. These are microbiology and parasitological unit, chemistry unit, and general laboratory service unit. The hospital has an in-house laboratory in case of any laboratory investigations.
Felegehiwot Hospital has 9 consultant obstetricians and gynecologists, 35 obstetrics and gynecology residents, 5 general practitioners, 33 midwives, medical interns, and 17 clinical nurses. The hospital serves as a teaching hospital jointly with Bahirdar University College of medical and health science.
An institution-based retrospective cross-sectional study was conducted from March 1 to April 30, 2018, among women who underwent obstetric surgeries at Felegehiwot Specialized Referral Hospital from September 2016 to August 30, 2017. This study was aimed to determine possible risk factors for surgical site infections at Felege Hiwot Referral Hospital in Ethiopia.
Inclusion criteria
All cards of women who underwent obstetric surgeries at Felegehiwot Comprehensive Specialized Hospital.
Exclusion criteria
Women who died before the third postoperative days.
Women whose surgery was done in other healthcare facilities.
Sample size and sampling procedure
The minimum sample size was determined using a single population proportion formula
by assuming a 95% confidence level of Z a/2 = 1.96, marginal of error 5%, and proportion of surgical site infection of 9.4% at Assela Referral Hospital. The final sample size was 131 for the first objective.
Based on the double population proportion formula using Epi info version 7.2 stat calc programs, the minimum sample size was determined. The final sample size was 447.
Overall, 2200 mothers underwent obstetrics and gynecology surgery over the last 1 year period. On average, 184 women underwent surgery per month. Among the 2200 women who underwent surgery, 709 had surgery for gynecologic indications (e.g., evacuation and curettage) and were excluded from our study. Finally complete and eligible charts became 1448. After establishing the sampling frame, K (regular interval) was calculated by using the formula = N/n which is total obstetrics surgery (1448) divided by the sample size (447) and it is approximately 3. The first card (subject) was selected randomly by lottery method and then continued every kth (third) value until the required numbers of samples were collected.
Data collection instruments and procedure
The data were collected using a pretested structured checklist from March 1 to April 30, 2018. All the variables of interest were assessed accordingly and the structured and pretested checklist was prepared in English. Two data collectors, who have BSc in midwifery and one supervisor has participated in the data collection process. Orientation was given for data collectors and supervisor on objectives and the way of data collection before starting the actual data collection. Data collectors were supervised daily, and all the collected data was checked daily by the supervisor.
About 22 (5%) of pretest was done before the actual data collection time at Felegehiwot Referral Hospital to assure the quality of data and to evaluate the content validity of the documentation and face validity of the questionnaires.
Using card number of patients, data collectors were traced and collected data from systematically identified charts of women whose obstetric surgery were done from September 1, 2016 to August 30, 2017 at Felegehiwot Referral Hospital through checklists. Women who had obstetric surgeries from September 2016 to August 30, 2017 were enrolled using chart review retrospectively, and we consider surgical site infections those patients who were diagnosed as surgical site infection with the respective classifications based on the clinical examination which were made by gynecologists and gynecology, and obstetrics residents. Surgical site infections were detected after the patient was discharged based on the admission diagnosis and discharge summary. Patients whose surgeries are out of this hospital were excluded from the study due to lack of patients' chart.
Operational definitions Obstetric surgeries
A surgery performed on the abdomen of a pregnant woman for conditions associated with pregnancy, labor, or the puerperium which includes cesarean delivery, uterine repair, and abdominal hysterectomy with the respective indications excluding fetal or newborn surgery.
Data processing and analysis
The data were checked for completeness, inconsistencies, and then coded, entered using EPI data version 4.2. Then, the data cleaned and analyzed using SPSS version 23. Descriptive statistics were computed to determine frequencies and summary statistics (mean, standard deviation, and percentage). Data were presented using tables, graphs, and figures. Bivariate logistic regression analysis was done after dichotomizing the dependent variables. After checking associations of the variables, those with p < 0.2 in bivariate analysis were processed to multi-variable logistic regression analysis to control confounding factors. p value of < 0.05 was used to express the statistical significance of the variables.
Results
Socio-demographic characteristics
A total of 447 women chart was enrolled in this study. The mean age of the women was 28.8 years (ranged from 18 to 45 years) with SD of ± 5.9 years. More than half of the women 260 (58.2%) lived in an urban area, and majority of them 438 (98%) were married in this study area (Table 1) .
Medical-related characteristics
From the total of 447 women, 47 (10.5%) mothers developed pregnancy-induced hypertension and 22 (4. 9%) mothers had anemia (Table 2) .
Obstetric-related factors
From the total of 447 women undergoing operation, more than three fourth (76.1%) of them had antenatal care. About 298 (66.7%) of them had membrane ruptured prior to the surgery. Of these, 171 (57.4%) of them had rupture of membrane more than 12 h before operation (Table 3) .
Anesthesia-and operation-related characteristics
All of the respondents were given antibiotics prophylaxis within 30 min before operation. Regarding their preoperative hematocrit, 352 (78.7%) of them had hematocrit greater than 30% with a mean of 32.6(± 5.6). More than half (250, 55.9%) was attended by resident year 3 and 407 (91.1%) of skin closure technique was subcuticular. About 401 (89.7%) of operation procedure was finished less than 1 h, and 414 (92.6%) of them estimated blood loss was less than or equal to 1 L (Table 4) .
Prevalence of surgical site infection
The overall magnitude of surgical site infection in this study was 42 (9.4%). Of these, 30 (6.7%) of women underwent cesarean section followed by an abdominal hysterectomy and uterine repair, which account 8 (1.8%) and 4 (0.9%) respectively. Regarding the type of surgical site infection, about 28 (66.7%) of them were superficial and 14(33.3%) of them were deep. Of 42 SSI women, 33 (78.6%) of surgical site infection were detected after discharge. Whereas 9 (21.4%) of them were detected before discharge.
Indication of cesarean section
Among mothers who underwent cesarean section, non-reassuring fetal heart rate pattern 60 (15.7%)was the most common indication followed by cephalopelvic disproportion and latent first stage of labor with grade 3 meconium-stained amniotic fluid 52 (13.7%) and 51 (13.3%) respectively (Table 5 ).
Factors associated with surgical site infection
There were 13 independent variables in binary logistic regression which had p < 0.2 and became candidate for multivariable regression: duration of labor, rupture of membrane before surgery, types of anesthesia, types of skin closure technique, types of abdominal incision, thickness of subcutaneous tissue, chorioamnionitis, duration of operation, diabetes mellitus, HIV/AIDS, urinary tract infection, pregnancy-induced hypertension, and estimated blood loss.
In the multivariable analysis, duration of labor, chorioamnionitis, pregnancy-induced hypertension, diabetes mellitus, urinary tract infection, and thickness of subcutaneous tissue were significantly associated (p < 0.05) using backward stepwise regression.
Mothers who were on labor more than 24 h before surgery are 3.83 times more likely at risk for surgical site infections than less than 24 h on labor [AOR = 5.25, 95% CI = 2.32-11.8].
Mothers who had chorioamnionitis are 3.73 times more likely to develop surgical site infection as compared to mothers who had not had chorioamnionitis [AOR = 3.73, 95% CI = 1. 22-11.4] .
Mothers who had pregnancy-induced hypertension are 6.4 more likely at risk for surgical site infection than mothers who had not had pregnancy-induced hypertension [AOR = 6.4, 95% CI = 2.26-18.2].
Mothers whose subcutaneous tissue thickness greater than 2 cm are 4.05 times more likely at risk for surgical site Table 6 ).
Discussion
The magnitude of surgical site infection following obstetrics surgery in this study was 9.4% (95% CI = 6.9-12.1). This finding is in line with the study finding at Vietnam (10.9%) [10] . This could be due to all patients that received antibiotic treatment at the decision of the treating physician during the preoperative period in both study areas.
This finding is also in line with Sub-Saharan Africa countries (7.3%), Jimma (11.4%), Assela (9.4%), and Tigray (6.8%) [11] [12] [13] [14] . This might be due to the improvement of quality in surgical procedures that is almost similar (like preoperative antibiotics administration, the accessibility of surgical hand antiseptic product). An additional reason might be due to accessibility and quality of health service in Africa is low as compared to that of the developed countries.
The finding was higher than the value obtained from Brazil (1.44%), Hungary (3.6%) Pakistan (5.8%), and Rwanda (4.9%) [15] [16] [17] . The difference might be the flow of the patients, and the number of beds in the maternity ward was significantly disproportional, causing overcrowding and making the environment safe for nosocomial postoperative infections. Another possible reason could be due to poor dietary style and poor personal hygiene due to low socioeconomic capacity which leads women to be vulnerable to nosocomial postoperative complications.
The finding was lower than the value obtained from India (24.2%), Zimbabwe (29%), and Uganda (16.4%) [17] [18] [19] . This discrepancy could be due to since this study was cross-sectional study, there was no post discharge follow-up and patients may develop SSI and may seek treatment nearby health facilities other than the study area.
In this study, duration of labor more than 24 h was an independent risk factor for surgical site infection. This risk factor was similar to findings done in the USA, Nigeria, Kenya, Jimma, and Assela [12, 14, [20] [21] [22] . The possible explanation could be due to the repeated attempt of vaginal examination in prolonged labor enhances ascending infection.
Diabetes mellitus was noted to be another independent risk factor for surgical site infection. It is further supported by other studies done in India, Nizwa, and Nigeria [22] [23] [24] . This could be attributed to poor peripheral oxygen supply due to metabolic derangements and altered inflammatory response after surgery.
In this study, pregnancy-induced hypertension was found to be significantly associated with surgical site infection. Similar findings have been reported by other studies done in India, Nizwa, and Nigeria [22] [23] [24] . The possible explanation could be due to vascular disruption and high oxygen consumption by metabolically active cells that lead to oxygen depletion and wound becoming quite hypoxic.
In this study, the magnitude of surgical site infection was higher compared to the standard CDC guidelines of surgical site infection [6] . This might be due to the shortage of personal protective equipment for all obstetric procedures, lack of potent antibiotics for prophylaxis, lack of experience sharing of the surgeon with developed countries, unable to implement WHO checklists due to shortage of resources and infrastructure as well as poor accessibility of the health facility in Ethiopia as well as in Sub-Saharan African countries. To minimize these problems, WHO and CDC surgical checklists should be implemented.
Patients who had chorioamnionitis were an independent risk factor for developing surgical site infection. [12, 14, 21] . This might be explained by the fact that intact membrane serves as a barrier to ascending infections from the lower genital tract to the uterine cavity. An additional explanation could be due to iatrogenic contamination of the peritoneum during surgery. In this study, urinary tract infection was associated with surgical site infection. Similar findings have been reported in Nizwa and Nigeria [22, 24] . This could be due to bacterial colonization that predominantly decreases wound-healing process and increases systemic infection.
The thickness of subcutaneous tissue more than 2 cm was an independent risk factor for surgical site infection in this study. Similar findings have been reported by a study done in the USA at Washington [21] . This might be due to poor vascularity of the subcutaneous tissue, serous fluid collection, and hematoma formation in an obese woman.
Conclusion
It has been revealed that the magnitude of surgical site infection following obstetrics surgery rate was higher compared to the standard CDC guidelines of surgical site infection. Duration of labor stays more than 24 h, chorioamnionitis, pregnancy-induced hypertension, urinary tract infections, diabetes mellitus, and thickness of subcutaneous tissue more than 2 cm were associated with surgical site infections. Implementing a sterile environment and aseptic techniques in all surgical procedures, use of WHO surgical safety checklist would become visible to be a very important intervention to reduce surgical site infections. In addition to complication readiness, birth preparedness and setting their antenatal care follow-up at the hospital with special and targeted services can reduce the magnitude of surgical site infection.
Limitation
This study shares the limitations of cross-sectional studies and hence may not be possible to establish a temporal relationship between surgical site infections and explanatory variables. 
